The use of negative ion mode fast-atom bombardment-collision-activated dissociation-tandem mass spectrometry (FAB-CAD-MS/MS) for diacylglycerylphosphocholine molecular species determinations was investigated for 24 naturally occurring and synthetic compounds. The previously proposed method of selecting [M-15]-as the parent ion and using the relative abundance of the carboxylate daughter ions to distinguish the positions of esterihcation was found to be unreliable in cases where the fatty acyl group at snl was much larger than that at sn2. The predicted greater abundance of the sn2 carboxylate daughter, relative to the snl carboxylate daughter, was also violated when polyunsaturated fatty acyl groups were estertied at sn2. In addition, several marginal cases were found where the ratio of intensities of the snZ/snl carboxylate daughters followed the expected pattern (sn2 > snl) initially, but reversed over extended scanning time. The use of an alternative FAB-CAD-MS/MS method is proposed where the [M-86]-ion is selected as the precursor and the relative intensities of the daughters resulting from loss of the free fatty acids at snl and sn2 are determined. In every case examined to date, the ion formed by loss of the free acid from the sn2 position was always more abundant. Because the parent ion is equivalent to the phosphatidic acid ion, this technique should be equally applicable to all other phosphofipid classes where this fragment ion is present in the spectrum. (J Am Sot Mass Spectrom 1992, 3, 71-78) 
F ast atom bombardment-mass spectrometry (FAB-MS) and FAB-collision-activated dissociation-tandem mass spectrometry (FAB-CAD-MS/MS) techniques have been developed to characterize the polar head group and fatty acyl composition of a variety of glycerylphospholipid classes [l-6] . In the case of phosphatidylcholine (PC) derivatives (Figure that this could be used to establish the relative position of the two different fatty acyl moieties in a PC compound. It was reported that the carboxylate ion formed by cleavage of the fatty acyl group at the sn2 position was about two to three times [I, 31 more intense than that from the snl position. Jensen et al.
[l], Miinster and Budzikiewicz [3] , and Hayashi et al. [4] also noted that similar ratios of carboxylate anions were found in the CAD-MS/MS spectra of the [M-60] -parent ion and that inverse ratios of the carboxylate daughter anions (i.e., [R'COOI-/[R2C00]-or snl/sn2 = 2-3) were observed when the [M-86]-ion was selected as the precursor. Although all three ions were stated to provide information concerning positional distribution, most emphasis has focused on CAD-MS/MS of the [M-15]-ion [l, 31. These previous studies have all utilized commercially available samples of PC, most of which have fatty acyl groups of nearly equal chain lengths containing no more than three double bonds. Typically, in most naturally occurring PC compounds, the unsaturated fatty acyl group is located at the sn2 position, but a recent report described a series of compounds from rat brain that contain long-chain poIyenoic acids esterified at the snl position [7] . Our interest in PCs containing polyunsaturated and long-chain fatty acyl groups led us to investigate a number of synthetically prepared compounds. Because several examples were encoun- tered where the empirical rules described above were violated, we undertook a systematic study of the influence of fatty acyl group structures on the fragmentation pattern under FAB-CAD-MS/MS. In this report we discuss the scope and limitations of the empirical rule concerning carboxylate daughter ion abundances and utilize an alternative method for the determination of the relative position of fatty acyl groups in PC derivatives which is insensitive to the nature of the acyl moieties.
Experimental

Mass Spectrometry
Approximately was 10 kV and the resolution was set at 1000. For CAD-MS/MS, helium was used as the collision gas in a cell located in the fust field-free region. The helium pressure was adjusted to reduce the abundance of the parent ion by 50%. A JEOL DA-5000 data system generated linked scans at constant B/E. The instrument was scanned at a rate of 2 min from m/z o-1500. Data presented were acquired in a single scan and were found to be reproducible.
Phosphatidylcholine
Compounds 9-12, 18, 23, and 24 were obtained from Sigma Chemical Co. (St. Louis, MO). Other compounds were prepared synthetically, as described below. (DMAP, 8 mg, 66 pmol) in 1 mL of chloroform (distilled over phosphorus pentoxide) was added to dicyclohexylcarbodiimide (DDCI, 31 mg, 152 pmol) in 500 FL of the same solvent. The reaction was allowed to proceed at ambient temperature under nitrogen, with vigorous stirring and protection from light, until thin-layer chromatography (TLC) showed a single spot of the diacylated product (6 h ). The reaction was ended by adding 100 PL of methanol. After stirring for an additional 30 min, the precipitated dicyclohexylurea was filtered off. The filtrate was then applied to a 900-mg silica cartridge (Baxter Healthcare Corp., Muskegon, MI). The latter was washed with 40 mL of chloroform, 40 mL of chloroform-methanol (5:l vol/voI) to remove the unreacted fatty acid and the cataIyst, and then eluted with 4 x 10 mL of chloroform-methanol (1:3 voI/vol). The eluates were analyzed by TLC (silica gel, chloroform-methanol-waterammonium hydroxide, 120:60:6:2 vol/vol) and visualized by Dittmer spray Ill]. Fractions containing the diacyIated product were combined and evaporated to dryness to yield 14 mg (88%) of the diacylated (14:0/22:6) PC as a colorless wax. The product was reconstituted in chloroform (1 mL), flushed with nitrogen, and stored at -80 "C before use. Alternatively, the coreaction product was separated and purified by column chromatography using 1:l (wt/wt) iatrobead (Iatron Co., Tokyo)-silica gel or preparative TLC (see above). Overall yields for other compounds prepared in this manner were 44%-88%, based on lysophosphatidylcholine.
Synthesis of Phospha tidylcholines
Evaluation of Positional Isomeric Purity of Phosphafidylcholine Samples
A solution of 25-50 pg of the PC in 500 .uL of diethyl ether-methanol (2O:l vol/vol) was vortexed with 50 U of phospholipase A, ( N@x naja, Sigma Chemical Co.) in 500 pL of 0.1 M Tris buffer containing 5 mM calcium chloride (pH 7.6) at ambient temperature for 3 h. The fatty acid thus liberated was taken up in diethyl ether (3 x 5 mL), which was dried over anhydrous sodium sulfate, fdtered, and evaporated. An evaluation by negative ion FAB-MS or gas chromatography analysis (of the methyl esters) showed a positional purity ranging from 80% to 99% for selected PCs used in this study (see Tables 1 and 2 ).
Results and Discussion
Within the series of synthetic and naturally occurring compounds examined in this study, a number of PCs were found where the empirical rules [I, 31 for determining the relative positions of the fatty acyl groups were obeyed. An example using a pair of isomeric compounds, 16:0/1&l-PC. 9, and 18:1/16:0-PC, 11, is shown in Figure 2 Other compounds that produced daughter ion spectra fitting this generaI pattern are listed in Tables 1 and 2 . Generally, exceptions to the empirical rule based on carboxylate daughter ion intensities can be classified into two categories: those PC compounds with polyunsaturated (more than or equal to three or four double bonds) fatty acyl groups at the sn2 position and those PC compounds that contain a much shorter 'PC molecular species are designated throughout this article with the acyl groups at snl and sn2 listed in order, respectively 1i.e.. 14:0/20:0 = snl/sn2 = R'COO/RZCOO see figures). 'lsomeric purity was determined by phospholipase A, digestion and analysis of the liberated fatty acid by gas chromatography ma88 spectrometry as described in the Experimental section. The values are based upon the ratio of peak areas and are uncorrected for differences in response. In the he mologous series of compounds containing a myristoyl group at snl, and saturated fatty acyl groups at sn2 with a small difference in chain length between the two acyl groups (e.g., 14:0/12:0-K, Z), the sn2 carboxylate daughter was more intense, as predicted (for 2 the ratio is 1.73). In contrast, the expected ratio of intensities no longer held in compounds where the differences in the acyl chain lengths were Iarger (e.g., 14:0/8:0-K, 1, Figure 3) . Several other compounds with saturated snl acyl function and with signihcantly shorter acyl groups at sn2 (16:0/5:0-PC, 5 and 20:0/14:0-PC, 6) exhibited similar daughter ion spectra, with much greater intensity of the snl carboxylate ion relative to the sn2 carboxylate ( Table 1 ). The effect of differences in carboxylate chain length was most pronounced in a compound (10) that was acetylated at the sn2 position (TabIe 2). The observation that chain length differences could affect carboxylate daughter abundances was mentioned previously for PCs containing an acetoxy function at sn2 [3] . containing one or two double bonds (7-9, 11, 121, the carboxylate daughter ion formed by cleavage of the sn2 fatty acyl moiety was more intense than that of the snl acyl function (Table 2) . However, the ratio of intensities of these two daughter ions (SIG! carboxylate/snl carboxylate) tended to decrease with increasing number of double bonds (Table 2 ). This trend was apparent in a number of homologous series including 1-myristoyl-PC (7, 13, 16, and 20), lstearoyl-PC (14, 18, and 21), and l-arachidoyl-PC (15, 17, 19, and 22) (see Table 2 ). When the number of double bonds in the sn2 fatty acyl group was four or ,dcooj 14 greater, the ratio of intensities of the carboxylate daughter ions of the [M-15]-parent deviated from the expected pattern in al1 but one example (18:0/20:4-PC (IS), ratio 1.88) (see Table 2 ). The significantly larger peak for the snl carboxylate ion relative to the sn2 carboxylate was particularly apparent in compounds containing docosahexenoic acyl functions at sn2 (Table 2 , 20-22) where the ratio (sn2,knl) was much less than 1.0 (Figure 4) . The MS/MS spectrum of the [M-15]-ion of another compound (20:0/I&3-PC, 15) with a different sn2 group displays the same pattern ( Figure 5 ). Here both sn2 acyl group unsaturation and chain length differences between the two acyl groups may be influential.
Within the homologous series having a futed polyunsaturated fatty acyl group at sn2, and various fatty acyl groups at the snl position, the ratio of srQ/snl carboxylate daughters of [M-15]-decreased with increasing carbon number of the snl acyl group (Table 2, , displayed more intense sn2 carboxylate daughter ions in the spectra acquired during the first scan (ca. 1 min 30 s). However, by the third scan (ca. 3-4 min) the sn2 carboxylate daughter ion was less intense than the snl carboxylate ( Figure 6 ). Similar differences in fragment ion abundances during prolonged scanning have been ascribed to changes in Spectrom1992, 3,71-78 the internal energy of the parent ion owing to changing solvation of the desorbed molecules by the FAB matrix over time [12] . In every case so far examined the loss of the free fatty acid from the sn2 position is always more abundant than that from the snl position (Tables 1 and 2 to dominate in the daughter ion spectra ( Table 1) . As shown in Figure 8 , the use of this technique would reliably predict the relative acyl group positions in 1, 14:0/8:0-PC (cf. Figure 3 ). 
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The use of the relative intensities of daughters formed by loss of RCOOH from the [M-86]-parent ion of diacyl PC compounds suggests that this CAD-MS/MS approach may have general applicability to other classes of diacylglycerylphospholipids (PL). Because this ion is equivalent to phosphatidic acid, the same ion found in other PL classes can be subjected to CAD-MS/MS analysis. Preliminary studies with diacylglycerylphosphoserine and diacylglycerylphosphoinositol compounds have demonstrated that the free fatty acid from the sn2 position is also preferentially lost from the [M-88]-and [M-162]-ions, respectively (equivalent to the phosphatidic acid), found in the spectra of these compounds.
